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(54) SCREEN CONTAINING SYNTHETIC MICA 

(57) An object of the present invention is to provide 
a screen that improves luminance of image, is excellent 
in reproducibility of color and has visibility in wide range 
by improving mica and titanium oxide coated mica that 
are used in pearl agent for advancement in reflectivity 
and drffusibility of the image projected on the screen. 

Fig. 3 



In order to achieve the above-mentioned objects, a 
screen containing synthetic mica in accordance with the 
present invention is the screen that indicates a pro- 
jected image, wherein said screen contains a titanium 
oxide coated mica and said mica is a synthetic mica. 
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Description 

RELATED APPLICATIONS 

[0001] This application claims the priority of Japanese Patent Application Nos. 9-218099 and 9-218100 filed on July 
28, 1997, which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a screen that indicates a image and in particular, to an improvement of a mica 
powder used for progress of luminance of the image that is projected on a screen. 

BACKGROUND OF THE INVENTION 

[0003] Generally, in a projection type display unit and the like, even when the distance between the unit and screen 
is short, sufficient projection distance can be secured by bending the projection light thrown from the projection display 
unit with the use of mirror and the like. Consequently, it is relatively easy to make the whole unit compact and the unit 
also have advantage that bright image can be watched. Further, the unit can readily indicate with large picture and the 
influence of radiation and the like is small. Therefore, demand for such apparatus will be increasingly expected herein- 
after. Such display units project an image on a screen. As the screen, a reflective screen that an image is projected from 
observation side of the screen and a reflected image is observed, and a transmissive screen that an image is projected 
from backside of the screen and a transmitted image is observed, are existed. 

[0004] Among these, the transmissive screen of rear projection type is composed of two pieces of lens that are a Fres- 
nel lens and a lenticular lens, as disclosed in Japanese Unexamined Patent Publication Nos. 62-178227 and 5-88264. 
The Fresnel lens collects the projection light projected from backside and the lenticular lens widely distributes the light 
to horizontal direction. A bright image could be observed at front position due to the function of these two pieces of lens. 
[0005] Since the surfaces of both Fresnel and lenticular lenses are uneven, useful effect can be obtained due to this 
unevenness. On the other hand, in the case where an image is projected onto a screen, there is a problem that a picture 
becomes extremely unclear to see because bars are appeared in piles owing to unevenness of lens. 
[0006] The reflective screen comprises a light reflecting surface and light diffusion layer on a base material. The main- 
stream in the recent technological development of screen is to improve the reflecting luminance to the quantity of light 
to be projected and improvement for visualizing bright image at wide angle. In the light reflecting surface and light dif- 
fusion layer, a pearl agent which uses the powder coated titanium dioxide on the surface of mica, a screen covered with 
glass beads on the surface of the screen, a screen arranged unevenness on the surface of the screen and the like are 
existed. Although the properties of the screen are improved remarkably, nevertheless there still remains room for 
improvement in reflection luminance and angle of distinct vision. 

[0007] In particular, to intend multiple reflection of light by using the pearl agent which uses the powder coated tita- 
nium dioxide on the surface of mica so as to improve reflection luminance of the screen, is the known technology used 
widely as disclosed in Japanese Unexamined Patent Publication Nos. 3-209447, 3-249634, 4-139437 and 4-179943. 
[0008] In fact, however, the color of the projected image becomes dark and the image is not clear and reflection lumi- 
nance is not so much high. Also, it is not necessarily to bring the expected effect in reproducibility of the projected image 
color and reflection luminance These are due to the property of titanium dioxide coated mica, it has been considered 
as the limit of the property of titanium dioxide coated mica. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been achieved in view of the foregoing problems of the prior art. An object of the 
present invention is to provide a screen that improves luminance of image, is excellent in reproducibility of color and has 
visibility in wide range by improving mica and titanium dioxide coated mica that are used in pearl agent for progress in 
reflectivity and diffusibility of the image that is projected on the screen. 

[0010] In order to achieve the foregoing objects, a screen containing synthetic mica in accordance with the present 
invention is a screen that indicates a projected image, wherein the screen contains a titanium oxide coated mica and 
the mica is a synthetic mica. 

[0011] Also, in said screen in accordance with the present invention, a reflective screen that a light reflecting surface 
and a light diffusion layer are formed on a base material, is preferable. 

[001 2] Also, in said screen in accordance with the present invention, a transmissive screen that a light diffusion layer 
is formed on a base material, is preferable. 

[0013] Also, in said screen in accordance with the present invention, it is preferable that the synthetic mica in a tita- 
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nium oxide coated synthetic mica to be contained is a synthetic fluorphlogophite shown by the Formula: 

X 1/3~1 Y 2~3( Z 4°10) F 2 

5 wherein X represents one or more ion selected from the group consisting of Na + , K + , Li + , Ca 2+ , Rb 2+ and Sr 2 " 1 "; Y rep- 
resents one or more ion selected from the group consisting of Mg 2+ , Fe 2+ , Ni 2+ , Mn 2+ , Al 3 \ Fe 3+ and Li + ; and Z repre- 
sents one or more ion selected from the group consisting of A! 3 *, Si 4+ . Ge 4+ , Fe 3 * and B 3+ . 

[0014] Also, in a projection type reflective screen in accordance with the present invention, it is preferable that the 
synthetic mica that is used in the titanium oxide coated synthetic mica to be contained has a particle diameter of 5 to 
io 200 jim. 

[0015] Also, in a transmissive screen in accordance with the present invention, it is preferable that the synthetic mica 
that is used in the titanium oxide coated synthetic mica to be contained has a particle diameter of 60 to 200 um. 
[001 6] Also, in said screen in accordance with the present invention, it is preferable that the titanium oxide coated syn- 
thetic mica to be contained is coated the titanium oxide having layer thickness of 20 to 40nm on the synthetic mica 
75 [001 7] Also, in said screen in accordance with the present invention, it is preferable that the titanium oxide coated mica 
to be contained is that a titanium dioxide and/or a low order titanium oxide on the synthetic mica. 
[001 8] Also, in said screen in accordance with the present invention, it is preferable that the titanium oxide coated syn- 
thetic mica is used as a main ingredient that is composed of a pearl agent and said titanium oxide coated mica is con- 
tained in the screen by applying said pearl agent. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

25 Fig. 1 shows a conceptual drawing of a reflective screen and a projection type display unit in accordance with an 

embodiment of the present invention. 

Fig. 2 shows a conceptual drawing of the construction of a reflective screen in accordance with an embodiment of 
the present invention. 

Fig. 3 shows an explanatory drawing of the action of incident light in the thin film that is made of pearl agent on the 
30 reflective screen. 

Fig. 4 shows an explanatory drawing of the action of incident light in the thin film that is made of aluminum powder 
in the place of pearl agent on the reflective screen. 

Fig. 5 shows a conceptual drawing of a transmissive screen and a rear projection type display unit in accordance 
with an embodiment of the present invention. 
35 Fig. 6 shows a conceptual drawing of the construction of a transmissive screen in accordance with an embodiment 
of the present invention. 

Fig. 7 shows an explanatory drawing of the action of incident light in the thin film that is made of pearl agent on the 
transmissive screen. 

Fig. 8 shows an explanatory drawing of the action of incident light in the thin film that is made of aluminum powder 
40 in the place of pearl agent on the transmissive screen. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0020] The present invention is to improve the properties such as luminance, reproducibility of color or angle of distinct 
45 vision of the image of the screen that indicates the image projected from a projector in observation. 

[0021 ] As such kind of screen, a reflective screen and a transmissive screen are mainly existed as mentioned in back- 
ground's section. Either form can be adopted in the present invention. 

[0022] In the following, the preferred embodiments of the present invention will be explained separately according to 
several forms. 

50 

REFLECTIVE SCREEN 

[0023] A conceptual drawing of a reflective screen and a projection type display unit in accordance with an embodi- 
ment of the present invention is shown in Fig. 1. A conceptual drawing of the constitution of a reflective screen in 
55 accordance with an embodiment of the present invention is shown in Fig. 2. 

[0024] The light projected from a projection type display unit 10 of Fig. 1 is projected on a reflective screen 12 with a 
certain angle so as to throw on a large scale. In Fig. 1, the light projected on the upper end and the light projected on 
the bottom end will be referred to as a projected light 14 and a projected light 16, respectively. The projected light 14 
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gets to the screen and being reflected thereon. The light reflects with the angle of reflection equivalent to the angle of 
incidence in the similar manner to an original reflected light 1 8 and does not reach to an observer 20, in the case where 
only specular reflection is performed on the screen. Namely, the reflected light is invisible to the observer. Therefore, it 
is necessary to reflect the projected light to the direction of the observer in order that the projected light that is projected 

5 by the projection type display unit can be reflected to the observer as an image. Also, when a great many people exists 
as the observer, the projected light must be reflected to a wide direction in order that a lot of people can observe the 
image. Consequently, the projected light 14 gets to the screen and is reflected and diffused in wide angle shown as an 
arrow of dotted line. The observer 20 observes a part of the diffused reflection light as like a reflected light 22. This 
action applies to the bottom end's case. The projected light 16 gets to the screen and being reflected and diffused in 

10 wide angle as shown with an arrow of dotted line. The observer 20 observes a part of the diffused reflection light as like 
a reflected light 24. In this way, the projected light that is projected from the projection type display unit can throw an 
image to the observer by the similar actions of reflection and diffusion in the whole portions of the screen that the pro- 
jected light was projected. 

[0025] The reflective screen 12 shown in Fig. 1 comprises a flat base material 26 and a light reflecting surface 28, a 
15 thin film containing pearl agent 30 which uses synthetic mica and a light diffusion layer 32 that are formed thereon as 
shown in Fig. 2. A projected light gets to the light reflecting surface by transmitting the light diffusion layer 32 and the 
thin film containing pearl agent 30. A part of the projected light transmits therethrough by reflecting and diffusing on the 
surfaces of titanium oxide or synthetic mica of the pearl agent. Then, the projected light is totally reflected and the 
reflected light transmits again the thin film containing pearl agent. A part of the reflected tight transmits the thin film by 
20 reflecting and diffusing on the surfaces of titanium dioxide or synthetic mica of the pearl agent. The light diffused multi- 
directionally with titanium dioxide coated synthetic mica is diffused far more multidirectional! y by the light diffusion layer 
that emboss-processing or the like was performed. In this way, the screen can reflects the projected light with a bright 
image at wide angle. 

[0026] By the way, to manufacture a reflective screen that luminance of image is high and which have wide angle of 
25 bright field should be done by two antithetical processes. Namely, it is better to inhibit diffusion of the projected light and 
to stop the light within a specific range in order to possess high luminance of image in the screen. As the image 
reflected on the screen, however, it is requires the image that can reflects a bright image at wide angle so as that a great 
many people can observe. Accordingly, it is necessary to diffuse the projected light as much as possible in order that 
the screen can possess a wide angle of bright field. 
30 [0027] It is not too much to say that the screen, which can possess these two antithetical properties at the same time, 
is the excellent screen. Therefore, in order to possess these two antithetical properties, there are problems how to 
reflect and diffuse or transmit and diffuse the projected light in effective and how to lower the loss of the light in the proc- 
ess. 

[0028] The characteristic of the present invention is that luminance of the image in the screen is high and is to reflect 
35 a clear image, i.e., is to observe a clear and bright projected picture. In this embodiment, for the purpose of this, syn- 
thetic mica that is containing of colorable metals is too much less and whose chroma is favorable is used in pearl agents 
to be used. 

[0029] Namely, it is a pearl agent that uses synthetic mica powder, which can lower loss of light in the processes of 
reflection and diffusion of the light. 
40 [0030] Fig. 3 is an explanatory drawing of the action of incident light in the thin film based on the pearl agent that is 
set on the reflective screen of the present invention that is shown in Figs. 1 and 2. 

[0031] As shown in Fig. 3, a titanium dioxide coated synthetic mica 34 faces arbitrary direction in a thin film containing 
pearl agent 30. A projected light 36 is reflected on the surfaces of titanium oxide or synthetic mica powder, or is 
refracted in the process of transmitting through titanium oxide or synthetic mica powder. Thereby, an image can be 
45 observed at wide angle face to the front of the screen. In this case, diffusion of light is mainly due to refraction in the 
process of transmitting through titanium oxide and synthetic mica powder. 

[0032] In here, when the titanium oxide coated mica uses natural mica in the place of synthetic mica in Fig. 3, coloring 
may be occurred because natural mica contains very small amount of metal. It results in bad influence, i.e., light is 
weaken, a color of the projected light is changed by influence of coloring and the like, at the time when the projected 

so light transmits titanium oxide coated natural mice Further, the projected light through natural mica does not always 
transmit only one time. The projected light will transmits natural mica twice or three times, when the possibility that the 
projected light transmits again natural mica after reflecting the light reflecting surface or the projected light transmits the 
other titanium oxide coated natural mica that is not the one that the projected light transmits once, is considered. There- 
fore, bad influence damaged to the light of natural mica comes to have a significant meaning notwithstanding the color- 

55 ing is very slight. 

[0033] Further, it will be considered the case where using aluminum powder for reflection and diffusion in the place 
of diffusion that is mainly occurred by refracting with pearl agent of the present invention. 

[0034] An aluminum powder 42 exists in an arbitrary place in the thin film as shown in Fig. 4. Because the light can 
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never transmits the aluminum powder, a projected fight 44 reflects on the surface of aluminum powder. Reflection of the 
projected light is repeated on the surfaces of the aluminum powder and a light reflecting surface 46 in the manner that 
the light reflects on the surface of the other aluminum powder. This irregular reflection is repeated until the light gets out 
of the surface of the screen again, 
s [0035] However, thus repeated irregular reflections make an optical path length far longer than diffusion by refraction 
with the use of the pearl agent. This becomes the cause for reducing the strength of the reflected light. As a result, 
reflecting efficiency is deteriorated. 

[0036] On the contrary, in the present invention, by using synthetic mica that is containing extremely lower amount of 
metal and is favorable in chroma, there is absolutely no possibility to absorb, weak or color the light at the time when 

io the light transmits the screen. Though the titanium oxide coated synthetic mica reflects the projected light on the sur- 
faces of titanium oxide and synthetic mica, nevertheless light transmittance of the titanium oxide coded mica is high and 
there is very few in its quantity of reflection. Also, because diffusion is almost occurred by refraction in the diffusing proc- 
ess of the projected light of the titanium oxide coated synthetic mica, it is possible to inhibit loss of light to the minimum. 
Moreover, synthetic mica has an effect to further widen a diffusion direction by reflecting the projected light on the sur- 

15 faces of titanium oxide and synthetic mica. 

[0037] In this manner, the characteristic of the present invention is to realize the reflective screen that can improves 
luminance of image in the screen and can projects a clear image on a screen at wide angle by inhibiting loss of light to 
the minimum with the use of synthetic mica that is containing extremely lower amount of metal and is favorable in 
chroma 

20 [0038] Next, an example of synthetic mica used in the present invention will be shown in the following Formula. 

X 1/3~1 Y 2/3( Z 40i o) F 2 

wherein X represents one or more ion selected from the group consisting of Na + , K + , Li+, Ca 2+ , Rb 2+ and St 2 *; Y rep- 
25 resents one or more ion selected from the group consisting of Mg 2+ , Fe 2+ , Ni 2+ , Mn 2+ , Al 3+ , Fe 3+ and Li + ; and Z repre- 
sents one or more ion selected from the group consisting of Al 3+ , Si 4 *. Ge 4+ . Fe 3 * and B 3 *. 

[0039] A general manufacturing process of synthetic mica powder, e.g., in case of synthetic f luorphlogophite, is shown 
in the following. Approximately 40 parts of silicic anhydride, approximately 30 parts of magnesium oxide, approximately 
13 parts of aluminum oxide and approximately 17 parts of potassium silicofluoride were mixed. The mixture was dis- 
30 solved at 1400 to 1500°C and was crystallized at 1300 to 1400°C, thereby obtaining synthetic f luorphlogophite 
(KMg(AISi 3 O 10 )F 2 ). A mass of the resulting synthetic f luorphlogophite was pulverized and classified, thereby obtaining 
synthetic fluorphlogophite powder. A shape of thus resulting synthetic fluorphlogophite is indefinite plate-shaped. 
Though a particle diameter depends on its usage, generally, a particle diameter of thickness direction is 0.05 to 10 urn 

and face direction is 2 to 200 um 
35 [0040] Manufacturing examples of the reflective screen in accordance with the present invention and the result of 
comparative experiments of its properties will be described in the following. 

[0041] A reflective screen and a projection type display unit in accordance with an embodiment of the present inven- 
tion is composed by setting the light reflecting surface on the base material and by laminating the pearl agent used syn- 
thetic mica of the present invention and the light diffusion layer thereon, successively. 
40 [0042] As a base material, white plastic sheet, polyolef ins such as polyvinyl chloride, polyethylene or polypropylene, 
polyesters such as polyethylene terephthalate, polystyrenes, polycarbonates, acrylic resins or polyurethane resins can 
be used. 20 to 100 wt% of a plasticizer may be added to resins as occasion demands. It is preferable that thickness of 
the base material is 10 to 1000 um. 

[0043] As a light reflecting surface, aluminum foil, aluminum plate, aluminum evaporation film or aluminum powder 
45 can be used. A thin film is formed with the pearl agent used synthetic mica of the present invention thereon. 

[0044] As a light diffusion layer, plastic film, polypropylene, vinyl chloride, polyethylene terephthalate or triacetyl cel- 
lulose film can be used. It is preferable to use the film processed with emboss finish or mat finish. 
[0045] As light reflecting surface, thin film of pearl agent and light diffusion layer, printing methods such as screen 
printing, roll coating or offset printing ad coating methods such as knife coater or comma coater can be exemplified. 
so [0046] A preferred example of the present invention will be explained in the following. 

Example 1-1 

[0047] 40 Parts of silicic anhydride. 30 parts of magnesium oxide, 1 3 parts of aluminum oxide and 1 7 parts of potas- 
55 sium silicofluoride were mixed. The mixture was dissolved at 1 500°C and was crystallized at 1 350°C, thereby obtaining 
synthetic fluorphlogophite. The resulting synthetic fluorphlogophite was clashed coarsely and pulverized, thereby 
obtaining 100 parts of synthetic fluorphlogophite whose particle diameter was 20 to 100 (circular conversion value 
measured with CEDIGRAPH 5000-01 manufactured by Micromelitech Inc.: measuring method of particle diameter will 
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be the same as this in the following). Further, 50 parts of the resulting synthetic mica was added to 500 parts of ion- 
exchange water. The mixture was stirred sufficiently and dispersed in uniform. 208.5 parts of 40 wt% titanyl sulfate solu- 
tion was added to the resulting dispersion and the mixture was heated and boiled for 6 hours while being stirred. After 
being left the mixture cooling, the mixture was filtered and washed with water. Then it was calcined at 900°C, thereby 

5 obtaining 90 parts of synthetic mica coated with titanium dioxide. A pearl agent used thus obtained synthetic mica pow- 
der was added to an acrylic resin lacquer and a pearl agent ink was obtained by dispersing and mixing it with a homog- 
enizer. A polyvinylchloride sheet whose thickness was 200 *im was used as a base material. A metal aluminum foil 600 
mm, square was stuck on the polyvinyl sheet. The pearl agent ink used synthetic mica of the present invention was 
printed thereon with silk screen so as that thickness of the ink could be 100 urn. Then, polysiloxane resin was printed 

io thereon with silk screen so as that thickness of polysiloxane resin could be 1 00 nm, thereby obtaining a projection type 
reflective screen (referred to as Invention 1 in the following). In here, an application quantity of the pearl agent per unit 
area was approximately 20mg/cm 2 . 

Manufacturing of Comparative Example 1-1 

15 

[0048] A screen (referred to as Comparative Example 1 in the following) produced according to the same procedure 
as the example of the present invention, was manufactured except for using natural mica in the place of the pearl agent 
of the present invention. Comparative experiment was performed between the properties of Comparative Example 1 
and the reflective screen of the present invention. 

20 

Manufacturing of Comparative Example 1-2 

[0049] A screen (referred to as Comparative Example 2 in the following) produced according to the same procedure 
as the example of the present invention, was manufactured except for using aluminum powder in the place of the pearl 
25 agent of the present invention. Comparative experiment was performed between the properties of Comparative Exam- 
ple 2 and the reflective screen of the present invention. 

Experimental Result 

30 [0050] As the comparative experiment for the properties of the screen, the present inventors investigated and judged 
with respect to three values: i.e., screen gauge value (referred to as SG value in the following) shown n times value of 
the percentage of the reflected luminance in front of the screen with respect to the incident illumination of the screen; 
the value of angle that the reflected luminance in front of the screen becomes half value (referred to as half-value angle 
in the following); and reproducibility to the color of the image to be projected (referred to as reproducibility in the follow- 

35 ing). 

[0051 ] The result shown in TABLE 1 was obtained by performing comparative experiment in the manner as mentioned 
above. In evaluating the properties of the screen, SG value and half-value angle were expressed numerically according 
to the actual measurement. These values indicated an excellent property, as these values were getting large. In repro- 
ducibility, the color of the image projected on the screen and the color in the actual film were compared. Reproducibility 
40 was evaluated with classification into five grades, i.e., Very Good ©; Good Q ; Average a; Bad X; and Too Bad X X. 



TABLE 1 



Comparing Items 


SG Value 


Half-Value Angle 


Reproducibility 


Invention 


5.0 


±35° 


® 


Comp. Ex. 1 


4.0 


±30° 


o 


Comp. Ex. 2 


4.0 


±10° 


o 



50 

[0052] As shown in TABLE 1 , Comparative Example 1 was unfavorable with regard to reproducibility, while it repre- 
sented favorable results to a certain degree in respect of SG value and half-value angle. Also, though Comparative 
Example 2 represented favorable results to a certain degree in respect of SG value and reproducibility, nevertheless it 
could not obtain satisfactory result with regard to half-value angle. On the contrary, the properties of the reflective 
55 screen with aid of the pearl agent used synthetic mica powder of the present invention represented favorable results in 
respect of the whole items to be experimented. 

[0053] Next, experiment of influence for the properties of the screen was performed by using the pearl agent that tita- 
nium dioxide having a settled layer thickness was coated and that used synthetic mica powders having distinct particle 



6 



EP 0 930 526 A1 

diameter. In this experiment, the layer thickness of titanium dioxide was uniformly determined on 40nm. As a result, the 
result in a manner as TABLE 2 was obtained. Representations of evaluation were the same as in TABLE 1 . 



TABLE 2 



Particle Diame- 
ter 


2 


5 


20 


60 


80 


100 


200 


SG Value 


3.0 


4.4 


4.5 


4.6 


4.8 


5.0 


4.8 


Half-Value 
Angle 


±15° 


±30° 


±30° 


±30° 


±35° 


±35° 


±35° 


Reproducibility 


O 


O 


O 


® 


© 


® 


® 



is [0054] In TABLE 2, a unit of partide diameter was \xm. 

[0055] From the result of TABLE 2, it was appreciated that particle diameter of synthetic mica powder used in the 
present invention was preferably 5 jam to about 200 urn. As a result of this, though there was the data that natural mica 
having particle diameter of 5 to 60 jim represented favorable result, nevertheless synthetic mica of the present invention 
that had larger particle diameter than natural mica and that was containing extremely lower amount of colorable metals, 

20 represented favorable result. 

[0056] Further, there was the data of the interference color represneted by titanium dioxide coated mica according to 
the layer thickness of titanium dioxide to be coated on the surface of synthetic mica. 



25 



Interference Colors 


Geometrical Thickness 
of Titanium Dioxide (nm) 


Silver 


20-40 


Pale Gold 


40-90 


Gold 


40-90 


Red 


90-110 


Violet 


110-120 


Blue 


120-135 


Green 


135-155 


Gold (Second Order) 


155-175 


| Violet (Second Order) 


| 1 75-200 



[0057] Then, experiment for the properties of the screen used titanium dioxide coated synthetic mica powder was per- 
formed with regard to distinct layer thickness of titanium dioxide. The results shown in TABLES 3 and 4 were obtained. 
45 In this experiment, particle diameter of synthetic mica was uniformly determined on 60 jim. Representations of evalua- 
tion were the same as shown in TABLES 1 and 2. 



TABLE 3 



Layer Thickness j 


5 


10 


20 


30 


40 


SG Value | 


3.0 


4.0 


4.8 


5.0 


5.0 


Half- Value Angle 


±15° 


±20° 


±35° 


±35° 


±35° 


Reproducibility 


o 


O 


® 


® 


® | 
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TABLE 4 



Layer Thickness 


50 


80 


100 


150 


200 


SG Value 


5.0 


4.9 


4.8 


4.5 


4.5 


Half- Value Angle 


±30° 


±25° 


+20° 


±20° 


±20° 


Reproducibility 


O 


A 


A 


A 


X 



[0058] In TABLES 3 and 4, a unit of layer thickness was nm. 

[0059] From the results of TABLES 3 and 4, it was preferable that layer thickness of titanium dioxide to be coated on 
the surface of synthetic mica in the present invention was 20nm to about 40nm. 

[0060] As mentioned thereinbefore, properties of the screen are highly improved by using synthetic mica in accord- 
ance with the present invention that is containing extremely lower amount of colorable metal and is favorable in chroma. 
In particular, the effect can be displayed exceedingly in the case where particle diameter is 5 pm to 200 jim and layer 
thickness is 20nm to 40nm. 

[0061] As explained thereinbefore, according to the reflective screen and the projection type display unit in accord- 
ance with the present invention, it is possible to provide a reflective screen and a projection type display unit that is 
improved in reflected luminance of screen and a clear image can be observed at wide angle by using synthetic mica 
that is containing extremely lower amount of colorable metal and is favorable in chroma as mica and titanium dioxide 
coated mica to be used in the pearl agent. 

TRANSMISSIVE SCREEN 

[0062] A conceptual drawing of a transmissive screen and a rear projection type display unit in accordance with an 
embodiment of the present invention is shown in Fig. 5. A conceptual drawing of the constitution of a transmissive 
screen in accordance with an embodiment of the present invention is shown in Fig. 6. 

[0063] The light projected from a rear projection type display unit 134 of Fig. 5 is projected on a transmissive screen 
136 with a certain angle so as to throw on a large scale. In Fig. 5, the light projected on the upper end and the light 
projected on the bottom end will be referred to as a projected light 1 1 4 and a projected light 1 1 6, respectively. The pro- 
jected light 114 gets to the screen and transmits therethrough. The transmitted light transmits therethrough according 
to the incident direction in the similar manner to an original transmitted light 1 38 and does not reach to an observer 1 20, 
in the case where only the projected light transmits the screen. Therefore, it is necessary to diffuse the projected light 
to the direction of the observer so as that the projected light that is projected by the rear projection type display unit can 
be reflected to the observer as an image. Also, when a great many people exists as the observer, the projected light 
must be diffused to a wide direction in order that a lot of people can observe the image. Consequently, the projected 
light 1 14 gets to the screen and is diffused in wide angle shown as an arrow of dotted line. The observer observes a 
part of the diffused light as like a diffused light 1 40. This action applies to the bottom end's case. The projected light 1 1 6 
gets to the screen and is diffused in wide angle as shown with an arrow of dotted line. The observer 120 observes a 
part of the diffused light as like a diffused light 1 42. In this way, the projected light that is projected from the rear projec- 
tion type display unit can throw an image to the observer by the similar actions of transmission and diffusion in the whole 
portion of the screen that the projected light is projected. 

[0064] The transmissive screen 1 36 shown in Fig. 5 comprises a flat base material 1 26 and a thin film containing pearl 
agent 130 used synthetic mica and a light diffusion layer 132 that are formed thereon as shown in Fig. 6. A projected 
light transmits the base material of the screen, wherein a part of the projected light transmits the thin film containing 
pearl agent with reflecting and diffusing on the surfaces of titanium dioxide or synthetic mica of pearl agent. The light 
diffused multidirectionally with titanium dioxide coated synthetic mica is diffused far more multidirectional ly by the light 
diffusion layer that emboss-processing or the like was performed. In this way, the screen can reflects the projected light 
with a bright image at wide angle. 

[0065] Incidentally, as mentioned in the reflective screen, it is similar for the transmissive screen that a screen having 
high luminance of image and wide angle of bright field can possess two antithetical properties at the same time. There- 
fore, in order to possess these two antithetical properties, there are problems how to reflect and diffuse or transmit and 
diffuse the projected light in effective and how to lower the loss of the light in the process. 

[0066] The characteristic of the present invention is that luminance of the image in the screen is high and is to reflect 
a clear image, i.e., is to observe a clear and bright projected picture. In this embodiment, for the purpose of this, syn- 
thetic mica that is containing extremely lower amount of colorable metal and whose chroma is favorable is used for the 
pearl agents to be used. 
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[0067] Namely, it is a pearl agent that uses synthetic mica powder, which can lower the loss of the light in the proc- 
esses of reflection and diffusion of light 

[0068] Fig. 7 is a explanatory drawing of action of incident light in the thin film based on the pearl agent that is set on 
the transmissive screen of the present invention shown in Figs. 5 and 6. 

5 [0069] As shown in Fig. 7, a titanium dioxide coated synthetic mica 234 faces arbitrary direction in a thin film contain- 
ing pearl agent 230. A projected light 236 is reflected on the surfaces of titanium oxide or synthetic mica powder, or is 
refracted in the process of transmitting through titanium oxide or synthetic mica powder. Then, a reflected projected light 
238 is reflected at the other titanium oxide coated synthetic mica or is refracted on the occasion of transmission. 
Thereby, an image can be observed at wide angle face to the front of the screen. In this case, though the titanium oxide 

w coated synthetic mica reflects a part of the light at the surface thereof, it have high light transmittance. Accordingly, dif- 
fusion of light is mainly due to refraction in the process of transmitting through titanium oxide and synthetic mica powder. 
[0070] In here, when the titanium oxide coated mica uses natural mica in the place of synthetic mica in Fig. 7, the 
problems as mentioned in the reflective screen are occurred. Namely, coloring may be occurred because natural mica 
contains very small amount of metal. It results in bad influence, i.e., light is weaken, a color of the projected tight is 

15 changed by the influence of coloring and the like, at the time when the projected light transmits titanium oxide coated 
natural mica. Further, the projected light through natural mica does not always transmit only one time. The projected 
tight will transmits natural mica twice or three times, when the possibility that the projected light transmits again natural 
mica after reflecting the light reflecting surface or the projected light transmits the other titanium oxide coated natural 
mica that is not the one that the projected light transmits once, is considered. Therefore, bad influence damaged to the 

20 light caused by natural mica comes to have a significant meaning notwithstanding the coloring is very slight. 

[0071 ] Further, it will be considered the case where aluminum powder is used for diffusion of the transmissive screen. 
[0072] An aluminum powder 342 exists in a arbitrary place in the thin film as shown in Fig. 8 in the similar manner to 
Fig. 7. Because the light can never transmits the aluminum powder, a projected light 344 reflects on the surface of the 
aluminum powder. Reflection of the projected light is repeated on the surface of the aluminum powder in the manner 

25 that the light reflects on the surface of the other aluminum powder. This irregular reflection is repeated until the light gets 
out of the surface of the screen again. However, thus repeated irregular reflections make a optical path length far longer 
than diffusion by refraction with the use of pearl agent in the similar miner to the above-mentioned reflective screen. It 
cases the loss of projected light. As a result, transmitting efficiency is deteriorated. In addition to this, when diffusion is 
performed by reflection with aluminum powder, the projected light is frequently reflected to not the surface side but the 

30 base material side of the screen. As a result, an image in the surface side of the screen is darkened. 

[0073] On the contrary, in the present invention, by using synthetic mica that does not contain metal and is favorable 
in chroma, there is absolutely no possibility to absorb, weak or color the light at the time when the light transmits the 
screen. Though the titanium oxide coated synthetic mica reflects the projected light on the surfaces of titanium oxide 
and synthetic mica, nevertheless light transmittance of the titanium oxide coated mica is high and there is very few in 

35 its quantity of reflection. Also, because diffusion is almost occurred by refraction in the diffusing process of the projected 
light of the titanium oxide coated synthetic mica, it is possible to inhibit loss of light to the minimum. Moreover, synthetic 
mica has an effect to further widen a diffusion direction by reflecting the projected light on the surfaces of titanium oxide 
and synthetic mica. 

[0074] In this manner, the characteristic of the present invention is to realize the transmissive screen that can 
40 improves luminance of the image in the screen and can projects a clear image on the screen at wide angle by inhibiting 
loss of light to the minimum with the use of synthetic mica that does not contain metal and is favorable in chroma. 
[0075] In here, synthetic mica used in the transmissive screen is the same as mentioned in the reflective screen. For- 
mula of synthetic mica and manufacturing example thereof will be shown in the following. 

45 X) Y 2 ^3(Z 4 0 1 0 ) F 2 

wherein X represents one or more ion selected from the group consisting of Na + , K + , Li + , Ca 2+ , Rb 2+ and Sr 2 *; Y rep- 
resents one or more ion selected from the group consisting of Mg 2+ , Fe 2+ , Ni 2+ , Mn 2+ , Al 3+ , Fe 3+ and Li + ; and Z repre- 
sents one or more ion selected from the group consisting of Al 3 *, Si 4 *, Ge 4 *, Fe 3 * and B 3 -*". 

so [0076] A general manufacturing process of synthetic mica powder, e.g., in case of synthetic f luorphlogophite, is shown 
in the following. Approximately 40 parts of silicic anhydride, approximately 30 parts of magnesium oxide, approximately 
13 parts of aluminum oxide and approximately 17 parts of potassium silicofluoride were mixed. The mixture was dis- 
solved at 1400 to 1500°C and was crystallized at 1300 to 1400°C, thereby obtaining synthetic f luorphlogophite 
(KMg(AISi 3 O 10 )F2). A mass of the resulting synthetic f luorphlogophite was pulverized and classified, thereby obtaining 

55 synthetic fluorphlogophrte powder. A shape of thus resulting synthetic fluorphlogophite is indefinite plate-shaped. 
Though a particle diameter depends on its usage, generally, the particle diameter of thickness direction is 0.05 to 10 
um and face direction is 2 to 200 um 

[0077] Manufacturing examples of the transmissive screen in accordance with the present invention and the result of 
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comparative experiments of its properties will be described in the following. 

[0078] A transmissive screen and a rear projection type display unit in accordance with an embodiment of the present 
invention is composed by laminating the pearl agent used synthetic mica of the present invention and the light diffusion 
layer successively on the base material. 

[0079] As a base material, transparent plastic, glasses, polyolefins such as polyvinyl chloride, polyethylene or poly- 
propylene, polyesters such as polyethylene terephthalate, polystyrenes, polycarbonates, acrylic resins or polyurethane 
resins can be used. 20 to 100 wt% of a plasticizer may be added to resins as occasion demands. It is preferable that 
thickness of the base material is 1 0 to 1 000 jim. 

[0080] A thin film is formed with the pearl agent used synthetic mica of the present invention on the base material and 
a light diffusion film is formed thereon. 

[0081] As a light diffusion layer, plastic film, polypropylene, vinyl chloride, polyethylene terephthalate or triacetyl cel- 
lulose film can be used. It is preferable to use the film processed with emboss finish or mat finish. 
[0082] As thin film of pearl agent and light diffusion layer, printing methods such as screen printing, roll coating or 
offset printing and coating methods such as knife coater or comma coater can be exemplified. 
[0083] A preferred example of the present invention will be explained in the following. 

Example 2-1 

[0084] 40 Parts of silicic anhydride, 30 parts of magnesium oxide, 13 parts of aluminum oxide and 17 parts of potas- 
sium silicofluoride were mixed. The mixture was dissolved at 1500°C and was crystallized at 1350°C. thereby obtaining 
synthetic fluorphlogophite. The resulting synthetic fluorphlogophite was clashed coarsely and pulverized, thereby 
obtaining 100 parts of synthetic fluorphlogophite whose particle diameter was 20 to 100 pm (circular conversion value 
measured with CEDIGRAPH 5000-01 manufactured by Micromelitech Inc.: measuring method of particle diameter will 
be the same with this in the following). Further, 50 parts of the resulting synthetic mica was added to 500 parts of ion- 
exchange water. The mixture was stirred sufficiently and dispersed in uniform. 208.5 parts of 40 wt% titanyl sulfate solu- 
tion was added to the resulting dispersion and the mixture was heated and boiled for 6 hours while being stirred. After 
being left the mixture cooling, the mixture was filtered and washed with water. Then it was calcined at 900°C, thereby 
obtaining 90 parts of synthetic • mica coated with titanium dioxide. A pearl agent used thus obtained synthetic mica 
powder was added to an acrylic resin lacquer and a pearl agent ink was obtained by dispersing and mixing it with a 
homogenizes A transparent plastic whose thickness was 200 fim was used as a base material. The pearl agent ink 
used synthetic mica of the present invention was printed thereon with silk screen so as that thickness of the ink could 
be 100 jim. Then, silicone resin was printed thereon with silk screen so as that thickness of silicone resin could be 100 
p.m, thereby obtaining a transmissive screen (referred to as Invention 2 in the following). In here, an application quantity 
of the pearl agent per unit area was approximately 20mg/cm 2 . 

Example 2-2 

[0085] A transmissive screen (referred to as Invention 3 in the following) was manufactured by combining a conven- 
tional transmissive screen composed of Fresnel lens and lenticular lens with the present invention s product manufac- 
tured in the similar manner to Example 2-1 in order that the present invention s product could be located on the surface 
top. Then, properties of the transmissive screen in accordance with the present invention were experimented. 

Manufacturing of Comparative Example 2-1 

[0086] A screen (referred to as Comparative Example 1 1 in the following) produced according to the same procedure 
with Example 2-1 of the present invention, was manufactured except for using natural mica in the place of the pearl 
agent of the present invention. Comparative experiment was performed between the properties of Comparative Exam- 
ple 1 ' and the transmissive screen of the present invention. 

Manufacturing of Comparative Example 2-2 

[0087] A screen (referred to as Comparative Example 2' in the following) produced according to the same procedure 
with Example 1 of the present invention, was manufactured except for using aluminum powder in the place of the pearl 
agent of the present invention. Comparative experiment was performed between the properties of Comparative Exam- 
ple 2* and the transmissive screen of the present invention. 
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V 

Manufacturing of Comparative Example 2-3 

[0088] By using a conventional transmissive screen (referred to as Comparative Example 3' in the following) that was 
composed of Fresnel lens and lenticular lens, comparative experiment was performed between the properties of Com- 

5 parative Example 3' and the transmissive screen of the present invention. 

[0089] As the comparative experiment for the properties of the screen, the present inventors investigated and judged 
with respect to four values: i.e., luminance of the image in front of the screen with respect to the equivalent incident illu- 
mination for the screen (referred to as luminance in the following); the value of angle that the reflected luminance in front 
of the screen becomes half value (referred to as half-value angle in the following); reproducibility to the color of the 

10 image to be projected (referred to as reproducibility in the following); and visibility of the image (referred to as visibility 
in the following). 

[0090] In evaluating the properties of the screen, luminance and half-value angle were expressed numerically accord- 
ing to the actual measurement. These values indicted an excellent property, as these values were getting large. In 
reproducibility, the color of the image projected on the screen and the color in the actual film were compared. Repro- 

75 ducibility was evaluated with classification into five grades, i.e., Very Good ©; Good Q ; Average a; Bad X; and Too 
Bad X X. Also, in visibility, 10 persons which were selected randomly observed the images of the respective screens 
whose name were hidden in order to avoid subjective evaluation and evaluated visibility thereof with classification into 
five grades, i.e., Very Good 5; Good 4; Average 3; Bad 2; and Too Bad 1. Visibility of the image were represented with 
five grades by getting the average thereof, i.e., the grades of 4.5 to 5, 3.5 to 4.4, 2.5 to 3.4, 1 .5 to 2.4 and 1 to 1 .4 rep- 

20 resented with Very Good © , Good O. Average a, Bad X, Too Bad X X, respectively. 

Experimental Result 
[0091] 

25 



TABLE 5 



Comparing Items 


| Luminance 


Half- Value Angle 


Reproducibility 


Visibility 


Invention 2 


100 


±35° 


® 


® 


Invention 3 


90 


±35° 


® 


® 


Comp. Ex. r 


80 


±30° 


X 


o 


Comp. Ex. 2" 


30 


±15° 


O 


X 


Comp. Ex. 3' 


90 


±30° 


O 


O 



[0092] From the results shown in TABLE 5, Comparative Example V had a problem in reproducibility, while it repre- 
sented favorable results to a certain degree in respect of luminance, half-value angle and visibility. Though Comparative 

40 Example 2' represented favorable result to a certain degree in respect of reproducibility, nevertheless it could not obtain 
satisfactory results with respect to the other items. Accordingly, Comparative Example 2' was not available as a screen. 
Though Comparative Example 3' represented favorable results to a certain degree in respect of the whole items, nev- 
ertheless there still remained a little difficulty in visibility since a bar caused by lens was observed. On the contrary, the 
properties of Invention 2 that is the transmissive screen with the aid of the pearl agent used synthetic mica powder of 

45 the present invention represented favorable results in respect of the whole items to be experimented. Invention 3 also 
represented favorable results in the whole items. 

[0093] Next, experiment of influence for three properties of the screen concerning luminance, half-value angle and 
reproducibility were performed by using the pearl agent that titanium dioxide having a settled layer thickness was 
coated and that used synthetic mica powders having distinct particle diameter. In this experiment, the layer thickness 
so of titanium dioxide was uniformly determined on 40nm. As a result, the result in a manner as TABLE 6 was obtained. 
Representations of evaluation adopted the same methods as in TABLE 5, i.e., luminance, half-value angle and repro- 
ducibility. 



TABLE 6 



Particle Diameter 


2 


5 


20 


60 


80 


100 


200 


Luminance 


70 


70 


80 


100 


110 


100 


100 
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TABLE 6 (continued) 



Particle Diameter 


2 


5 


20 


60 


80 


100 


200 


Half- Value Angle 


±20° 


±20° 


±25° 


±35° 


±35° 


±35° 


±35° 


Reproducibility 


A 


A 


O 


® 


® 


© 


® 



[0094] In TABLE 6, a unit of particle diameter was urn. 

[0095] From the result of TABLE 6, it was appreciated that particle diameter of synthetic mica powder used in the 
present invention was preferably 60 jim to 200 urn. 

[0096] Aiso, as mentioned in the reflective screen, the interference color that is indicated by titanium dioxide coated 
synthetic mica is different according to the layer thickness of titanium dioxide to be coated on the surface of synthetic 
mica powder. Then, experiments for the properties of the screen used titanium dioxide coated synthetic mica powder 
was performed with regard to distinct layer thickness of titanium dioxide, the results shown in TABLES 7 and 8 were 
obtained. In this experiment, particle diameter of synthetic mica was uniformly determined on 60 nm. Representations 
of evaluation were the same as represented in TABLE 6. 



TABLE 7 



Layer Thickness 


5 


10 


20 


30 


40 


Luminance 


80 


90 


100 


100 


100 


Half-Value Angle 


±20° 


±20° 


±35° 


±35° 


±35° 


Reproducibility 


O 


O 


® 


® 


© 



TABLE 8 



Layer Thickness 


50 


80 


100 


150 


200 


Luminance 


100 


90 


85 


85 


85 


Half-Value Angle 


±30° 


±30° 


±30° 


±30° 


±30° 


Reproducibility 


O 


A 


X 


X 


X 



[0097] In TABLES 7 and 8, a unit of layer thickness was nm. 

[0098] From the results of TABLES 7 and 8, it was preferable that layer thickness of titanium dioxide to be coated on 
the surface of synthetic mica in the present invention was about 20nm to 40nm. 

[0099] As mentioned thereinbefore, properties of the screen are highly improved by using synthetic mica in accord- 
ance with the present invention that is containing extremely lower amount of colorable metal and is favorable in chroma. 
In particular, the effect can be displayed exceedingly in the case where particle diameter is 60 \im to 200 urn and layer 
thickness is 20nm to 40nm. 

[0100] As explained thereinbefore, according to the transmissive screen in accordance with the present invention, it 
is possible to provide a reflective screen and a projection type display unit that is improved luminance of image in the 
screen and a clear image can be observed at wide angle by using synthetic mica that is containing extremely lower 
amount of colorable metal and is favorable in chroma as mica and titanium dioxide coated mica to be used in pearl 
agent. 

Claims 

1 . A screen that indicates a projected image, wherein said screen is a screen containing synthetic mica that contains 
a titanium oxide coated mica and the mica is a synthetic mica. 

2. A screen containing synthetic mica according to claim 1, wherein said screen is a reflective screen that a light 
reflecting surface and a light diffusion layer are forms on a base material. 
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3. A screen containing synthetic mica according to claim 1 , wherein said screen is a transmissive screen that a light 
diffusion layer is formed on a base material. 

4. A screen containing synthetic mica as in any of claims 1 to 3, wherein the synthetic mica in the titanium oxide 
5 coated synthetic mica to be contained is a synthetic f luorphlogophite shown by the Formula: 

^1/3-^2^3(240-10)^2 

wherein X represents one or more ion selected from the group consisting of Na + . K + , LT, Ca 2 "**. Rb 2+ and Sr 2+ ; Y 
10 represents one or more ion selected from the group consisting of Mg 2 "*", Fe 2+ , Ni 2+ , Mn 2+ , Al 3 + Fe 3+ and Li"*"; and 
2 represents one or more ion selected from the group consisting of Al 3+ , Si 4 *, Ge*\ Fe 3+ and B 3 +. 

5. A projection type reflective screen according to claim 2 or 4, wherein said synthetic mica that is used in the titanium 
oxide coated mica to be contained has a particle diameter of 5 to 200 urn. 

15 

6. A transmissive screen according to claim 3 or 4, wherein said synthetic mica that is used in the titanium oxide 
coated mica to be contained has a particle diameter of 60 to 200 jim. 

7. A screen containing synthetic mica as in any of claims 1 to 6, wherein said titanium oxide coated mica to be con- 
20 tained is formed by coating the titanium oxide having layer thickness of 20 to 40nm on the synthetic mica. 

8. A screen containing synthetic mica as in any of claims 1 to 7, wherein said titanium oxide coated synthetic mica is 
that a titanium dioxide and/or a low order titanium oxide is coated on the synthetic mica. 

25 9. A screen containing synthetic mica as in any of claims 1 to 8. wherein said titanium oxide coated synthetic mica is 
used as a main ingredient that is composed of a pearl agent and said titanium oxide coated mica is contained in 
the screen by applying said pearl agent. 
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